The effects of growth rate (G r ), deposition temperature (T d ), film thickness (t F ), and substrate induced strain (ǫ) on morphological, crystallographic and magnetic characteristics of equiatomic CoPt epitaxial films synthesized with pulsed laser deposition (PLD) are investigated. The (001) oriented single crystal substrates of MgO, SrTiO 3 and LaAlO 3 provide different degree of epitaxial strain for growth of the disordered face centered cubic (fcc) and ordered face centered tetragonal 
the crystallographic structure of the films depends solely on the T d , their microstructure and magnetization characteristics are decided by the growth rate. At the higher G r (≈ 1Å/sec) the L1 0 films have a maze-like structure which converts to a continuous film as the t F is increased from 20 nm to 50 nm. The magnetic coercivity of these films increases as the L1 0 phase fraction grows with T d and its orientation becomes out of the film plane. The evolution of microstructure with T d is remarkably different at lower growth rate (≈ 0.4Å/sec). Here the structure changes from a self-similar fractal pattern to a disordered assembly of nano-dots as the T d is raised from 2 700 to 800 0 C, and is understood in terms of the imbalance between strain and interfacial energies.
Magnetic force microscopy of such films reveals no distinct domain walls within the nano-islands while a clear contrast is seen between the islands of reversed magnetization. Magnetic relaxation measurements on these assemblies of single-domain islands show negligible decay of magnetization unless a reverse field close to the coercive field (H c ≈ 30 kOe) is applied. The simple picture of coherent rotation of moment appears incompatible with the time dependence of the remanent magnetization in these films.
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I. INTRODUCTION
Studies of the correlations between crystallographic as well as morphological structure and magnetic coercivity of CoPt and FePt alloy films have been of considerable interest in recent years due to the strong perpendicular magnetic anisotropy and chemical inertness of these alloys which make them suitable for high density recording applications 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17 . The key structural feature responsible for magnetic anisotropy of these systems is the ordering of Pt and Co or Fe atoms in the crystal lattice. The ordered L1 0 phase at equiatomic composition comprises of an alternate sequence of Co (Fe) and Pt planes along the crystallographic c-axis 18 . Studies of coercivity and magnetization reversal in granular thin films of CoPt and FePt are of interest as well. When the size of grains becomes small enough to make them mono-domain, the magnetic response of the system may differ significantly from that in the bulk form. Studies of thermal stability of magnetization and the process of its reversal are critical for high density recording. The reversal can occur either continuously through coherent or incoherent rotation of spins, or discontinuously through nucleation of reversed domains and their expansion through domain wall displacement 19, 20 . Growth of reverse domains can be impeded by defects, such as second-phase precipitates or grain boundaries which pin the domain walls by locally altering their energy. In epitaxial films consisting of discontinuous islands/dots of sufficiently small size such that domain wall formation is energetically unfavorable, the demagnetization process can have several interesting features including quantum tunneling at sufficiently low temperatures.
The experimental conditions that drive a particular growth mechanism of CoPt (FePt) films and the linkage between crystallographic and morphological structure, vis-a-vis magnetocrystalline anisotropy, saturation and remanent magnetization, coercive field and magnetic domain structure need to be studied for each process of growth. We note that the surface morphology of these films depends strongly on deposition temperature (T d ) and growth rate (G r ), in addition to the lattice mismatch with the substrate, which can be characterized in terms of the strain parameter ǫ defined as
× 100, where a is the lattice parameter. Values of the parameter ǫ for in-plane and out-of-plane c-axis growth of the L1 0 phase, and for the fcc phase on three different substrates used in this study are listed in Table - 
II. EXPERIMENTAL PROCEDURE
Cobalt-platinum films of equiatomic composition were grown by pulsed laser ablation of CoPt alloy target which was synthesized by arc melting of high purity (4N) cobalt and platinum chunks followed by homogenization at high temperature (900 0 C). A KrF excimer laser (wavelength λ = 248 nm and pulse width ∼ 20 nsec) was used to ablate the 1 cm diameter target in an all-metal-seal PLD chamber maintained at 50 mTorr pressure of ultra high purity (99.9999 %) nitrogen. Three 3 × 3 mm 2 pieces, one each of MgO, STO and LAO, all (001) cut, were glued with silver epoxy on a substrate heater specially designed for ultra high vacuum applications. The buffer gas (N 2 ), which helps in reducing particulate density on the film surface, was pumped out on completion of growth to ensure that no stable nitrides of cobalt are formed when the film is cooled from the deposition temperature
Three series of samples have been prepared under different growth conditions as listed in Measurements of magnetization and magnetic relaxation were carried out using a superconducting quantum interference device (SQUID) based magnetometer [Quantum Design
MPMS 5XC]. Both in-plane and out-of-plane field orientations were used in these measurements and all data were corrected for the contribution of the substrate. The absolute value of moment has an error of ± 15 % due to the uncertainty in the measurement of sample volume. For the measurements of magnetic relaxation, sample was first magnetized at 300 K with a 46 kOe field applied along the easy axis, and then the moment was monitored as a function of time in a reversed field of strength varying from 0 to ≤ H c .
III. RESULTS AND DISCUSSION
A. Effects of growth temperature and post growth annealing:
In Fig. 1(a) we show the XRD profiles of the series 'A' samples (deposited on STO at 600, 700 and 800 0 C) together with the diffraction profile of a bare substrate. The pattern for the sample deposited at 600 0 C shows only one peak at 2θ = 48.12 0 , which can be attributed to the (200) reflection of the disordered A1 (fcc) phase. This reflection developed into a doublet on increasing the T d to 700 0 C, and finally goes back to a single peak shifted to higher 2θ at
The doublet seen here is due to the mixing of the (200) and (002) reflections of the L1 0 phase with some c-axis grains oriented parallel and others oriented perpendicular to the film plane. At the highest deposition temperature, i.e., 800 0 C, although the (002) peak of the L1 0 phase becomes prominent, a discernible shoulder remains on its low angle side. A marked increase in the intensity and sharpness of (001), (002) and (003) minutes. The fundamental and superlattice peaks of the L1 0 phase are observed clearly in all the samples. We also note that with the increasing thickness, the intensity of the (200) reflection of L1 0 increases and for 100 nm thick film it becomes equal to the intensity of the These two factors appear to suppress the effect of strain leading to a similar morphology of the films deposited on STO and MgO. should lead to a distinct increase in the low-field magnetization for in-plane measurements.
Our data for M(H ) (Fig. 4(b) ) however, do not reveal a clear trend with t F within the accuracy (± 15 %) of these measurements. The in-plane coercivity (H c ) of these films as a function of their thickness is plotted in Fig. 4 . A marginal enhancement in coercivity is seen as the films are made thinner. By comparing this result with the microstructure of the films, it becomes clear that a percolative network is more coercive than a continuous film.
In The evolution of film morphology with deposition temperature and growth rate is intimately linked with the epitaxial strain parameter ǫ, provided the growth rate is not large 6, 12 .
In order to study the strain induced crystallographic and morphological changes, a set of samples (series 'C') was prepared using a slow deposition rate (≈ 0.4Å/sec) on (001) LAO, 5 ). This change is independent of the substrate used. At the highest deposition temperature i.e., 800 0 C, the c-axis lattice parameter for films on all the three substrates compare reasonably well with the bulk value of 3.701Å.
The SEM micrographs of the surface of these films present some interesting manifestations of epitaxial strain. As seen in Fig. 6(a) for the film deposited on STO at 700 0 C, the morphology is a self-similar fractal where the fractals do not form a percolating backbone over a length scale larger than ≃ 5 µm. 
D. Magnetic behavior of the fractals and nano-dots grown on STO:
We have addressed the magnetization and demagnetization characteristics of the films deposited at low growth rate (G r ≈ 0.4Å/sec) on STO (series C) in detail. The typical M-H loops at 300 K of the samples grown at 700, 750 and 800 0 C are shown in Fig. 6 (d, e and f) respectively. These data are for field applied perpendicular to the plane of the film ( H ⊥ ), except for 800 0 C sample for which H measurement is also shown. A striking feature of these data is a substantial increase in coercivity (H c⊥ ) [see Table -II] In order to establish a correlation between morphological features and magnetic domain structure of the films of the series 'C', we show in Fig. 9 the atomic and magnetic force micrographs (AFM and MFM respectively) taken from the same spot on the film. For the 750 0 C sample, there is some discrepancy between the SEM image ( Fig. 6(b) ) and the AFM image ( Fig. 9(a) ). While the SEM image shows well-separated grains, the AFM image reveals a much smaller separation between them. The MFM image of this sample suggests that the magnetic domains are not confined to a physical grain, and also the boundary between two adjacent domains is not sharp. This clear non-conformity of the topographical structure and magnetic domain pattern suggest that the grain boundaries do not play a significant role in pinning of domains and their reversal. The AFM image of the sample grown at 800 0 C (Fig. 9(b) ) is quite similar to its SEM image (Fig. 6(c) In order to understand the process of magnetization reversal, relaxation measurements of magnetization at constant negative bias field close to the coercive value (H c⊥ ) were carried out on film deposited at 800 0 C (series 'C'). The theory of thermal fluctuation of the magnetic moment of single-domain ferromagnetic particles was introduced by Néel 30 and further developed by Brown 31 . For the particles at zero applied field, the energy barrier between two equilibrium states of opposite moment is too high to observe magnetization reversal in a 23 reasonable experimental time scale of a few hours. However, by applying a reverse field close to the coercive field H c after fully magnetizing the particle, reversal can be initiated through thermal activation process within a short time scale. In our relaxation measurements, the sample was first magnetized at 300 K in a field of 46 kOe applied perpendicular to its plane.
The field was then reversed to a desired value H (≤ H c⊥ ) in one step, and sample moment was monitored as a function of time over a period of 2.5 hours. the remanent magnetization at time t after removal of the field, τ is the relaxation time defined as 1/τ = f 0 exp(-E(H)/k β T), f 0 is a frequency factor of the order of 10 9 sec −1 and
the energy barrier in a reverse field of magnitude H. Here V, K u and H k denote particle volume, anisotropy energy density and anisotropy field (=2K u /M s ) respectively 33 . It appears that the relaxation rate of magnetization increases rapidly as the absolute value of the magnetic field is increased. Using the above formula and approximating the grains to be of a spherical shape, we extract the activation volume whose width is ≈ This research has been supported by a grant from the National Nanoscience & Nanotech- 
